I
ncreased plasma levels of homocysteine (tHcy) were first associated with the presence of arterial disease in the 1960s, when extensive atherosclerosis was described postmortem in individuals with homocysteinuria (1) . Since then, elevated tHcy has been associated with atherogenesis in normal subjects (2, 3) and in patients with type 2 diabetes (4 -6). In both these populations, hyperhomocysteinemia has been established as an independent risk factor for atherothrombotic disease.
It has also been clearly documented that increased levels of homocysteine occur in association with marked degrees of renal dysfunction (7, 8) . More recently, the association of tHcy and milder renal dysfunction, as defined by albuminuria, has been studied (9 -11) . For example, in the Hoorn Study (a population-based survey of glucose tolerance and cardiovascular risk factors) (9) , higher levels of tHcy were associated with microalbuminuria independent of other determinants, including the presence of type 2 diabetes and serum creatinine (Scr). Similarly, Lanfredini et al. (10) found increased levels of tHcy in patients with type 2 diabetes and microalbuminuria but not in patients with type 1 diabetes who did not have overt nephropathy.
A strong relationship between creatinine clearance (Ccr) and tHcy has been demonstrated by some investigators, both in patients with renal disease and in those with diabetes (12) (13) (14) . Therefore, when Ccr is considered, tHcy may not be independently associated with albumin excretion rate (AER) (15) . Overall, the relationship between AER and tHcy concentrations independent of Ccr remains controversial. For this reason, we performed a large cross-sectional study of patients with type 2 diabetes to further examine these associations.
RESEARCH DESIGN AND
METHODS -A total of 260 patients with type 2 diabetes (145 men and 115 women), aged 65 Ϯ 12 years, with a known duration of diabetes of 11 Ϯ 8 years, were consecutively screened in our clinic. All patients were examined clinically by an endocrinologist. Fasting blood samples were collected and AER was calculated as described previously (16) from a single overnight timed urine collection performed by the patient following written and oral instructions. The accuracy of the collection was determined
by direct questioning. Patients were divided according to AER as follows: normoalbuminuria (Ͻ20 g/min), microalbuminuria (20 -200 g/min), or macroalbuminuria (Ն200 g/min).
Ccr (ml ⅐ min Ϫ1 ⅐ 1.73 m Ϫ2 ) was calculated according to the Cockcroft and Gault formula (17):
where SF is 1.23 for men and 1.05 for women; Scr (mmol/l); and body surface area (BSA) ϭ 0.0007184 ϫ height (cm) (0.725) ϫ weight (kg) (0.425). Homocysteine was measured by high-performance liquid chromatography using fluorescence detection (BioRad, Richmond, CA); the normal range in our laboratory was 5-15 mol/l.
Statistical analysis
Statistical analyses were performed using SPSS for Windows software (version 9; SPSS, Chicago). Spearman' s rank correlation coefficient was used for univariate analyses. Backward linear regression (continuous dependent variables) or logistic regression (categorical dependent variables) were used for multivariate analyses. Comparisons between groups were made using analysis of variance with the least-significant-differences method for post-hoc analysis. Values not normally distributed were log-transformed before all analyses. Results are mean Ϯ SD or median (range).
RESULTS
-The study population characteristics in total (n ϭ 260) and subdivided by tHcy are presented in Table 1 . Patients with an elevated tHcy level tended to be older (68 Ϯ 11 vs. 65 Ϯ 12 years, P ϭ 0.055) and had a longer known duration of diabetes (15 Ϯ 9 vs. 10 Ϯ 8 years, P Ͻ 0.001), a higher serum creatinine level (0.11 Ϯ 0.03 vs. 0.09 Ϯ 0.02 mmol/l, P Ͻ 0.001), and a lower Ccr The data were subdivided according to AER into normoalbuminuria, microalbuminuria, and macroalbuminuria. Those with microalbuminuria tended to have higher tHcy levels than those with normoalbuminuria (13.2 Ϯ 7.8 vs. 11.3 Ϯ 4.6 mol/l, P ϭ 0.051) but levels similar to those with macroalbuminuria (13.2 Ϯ 7.8 vs. 13.3 Ϯ 5.9 mol/l, NS) ( Fig. 1) .
To explore these relationships further, these groups were subdivided based on low Ccr (Ͻ80 ml ⅐ min
No patients with macroalbuminuria had a normal Ccr. In patients with In the group with low Ccr, tHcy was higher in subjects with microalbuminuria than in those with normoalbuminuria (14.6 Ϯ 9.0 vs. 12.0 Ϯ 4.6 mol/l, P ϭ 0.01) (Fig. 2) . Because of the established association between tHcy and serum levels of B 12 and folate, the serum levels of B 12 and folate were compared between all groups. Patients with high tHcy had lower (although normal) levels of B 12 than those with normal tHcy levels (244 [113-581] vs. 283 [119 -852] pmol/l, P Ͻ 0.01). Folate levels were the same in both groups. Levels of B 12 and folate were compared between groups of patients with normoalbuminuria, microalbuminuria, and macroalbuminuria and between groups with low and normal glomerular filtration rate. No differences were observed (data not shown).
By univariate analysis, tHcy was strongly correlated with AER (Spearman's coefficient, P ϭ 0.21, 0.001), Ccr (Ϫ0.40, Ͻ0.001), age (0.28, Ͻ0.001), known duration of diabetes (0.24, Ͻ0.001), Scr (0.49, Ͻ0.001), and serum urea (0.36, Ͻ0.001), as well as diastolic blood pressure (Ϫ0.15, 0.02) and total cholesterol (Ϫ0.15, 0.02). However, by multivariate regression with tHcy as the dependent variable, the strongest predictor (negative) of tHcy was Ccr (P Ͻ 0.001) ( Table  2 ). The presence of albuminuria (as a categorical variable) did not independently predict tHcy, nor did AER (as a continuous variable) when entered into separate analyses.
Conversely, when the analyses were performed with AER as the dependent variable, Ccr remained a predictor independent of age, sex, or use of antihypertensive medication (Table 3) . Plasma tHcy level did not independently predict either AER or the presence of albuminuria.
CONCLUSIONS -This study is one of the largest to examine the relationship between tHcy and albuminuria in patients with type 2 diabetes and one of the few to relate this association to Ccr. In contrast to published data (9 -11), we could not confirm that plasma tHcy was a predictor of the presence of albuminuria or of AER or that either AER or the presence of albuminuria were predictors of tHcy, independent of changes in Ccr.
Of the 260 patients with type 2 diabetes that we screened, 50 (19%) had microalbuminuria, 12 (5%) had macroalbuminuria, and 198 (76%) had normoalbuminuria. Of these, 173 (67%) had evidence of impaired renal function when defined as Ccr Ͻ80 ml ⅐ min Ϫ1 ⅐ 1.73 m
Ϫ2
, including all patients with macroalbuminuria (n ϭ 12), 64% of patients with normoalbuminuria, and 68% of patients with microalbuminuria. Interestingly, these data are very similar to those of the Hoorn Study (9) , in which 64% of those with normoalbuminuria and 65% of those with microalbuminuria had renal impairment using the same criteria. This reinforces the concept that for patients with type 2 diabetes, factors other than the development of diabetic nephropathy are important determinants of renal function.
Our finding of a univariate correlation between plasma tHcy levels and AER is in agreement with data published by Lanfredini et al. (10) from a small cohort of patients with type 2 diabetes. In their study, patients with type 2 diabetes had fasting and postmethionine load tHcy levels similar to those in control subjects, despite the correlation with AER. They found no differences between fasting tHcy in patients with microalbuminuria or normoalbuminuria (P ϭ 0.08), although postload tHcy was higher in subjects with microalbuminuria (P ϭ 0.02) and in subjects with a range of diabetic complications compared with those without (P ϭ 0.003). This study differed from ours in a number of ways. Their numbers were small (n ϭ 33), and subjects with hypertension or overt renal dysfunction were excluded. Furthermore, Ccr was not included in the analyses. This raises the very real possibility that differences between the groups with respect to Ccr could have confounded the results. Using baseline data from the ABCD trial, Stabler et al. (18) found that tHcy was positively correlated with Scr and inversely correlated with Ccr and that tHcy was significantly increased in patients with type 2 diabetes and nephropathy but not retinopathy. These findings are similar to those of Hultberg et al. (19) in patients with type 1 diabetes. Conversely, Chico et al. (11) found that AER had the strongest independent association with tHcy. Interestingly, in that study, patients with type 2 diabetes and nephropathy had the highest tHcy concentrations. When groups of patients with varying degrees of renal impairment were compared, it was only in those with Scr Ͼ120 umol/l that tHcy was elevated. Using multiple regression analysis, AER, age, and Scr were the independent predictors of tHcy, although it is relevant that Scr (and not Ccr) was included in the model. The omission of Ccr from the analysis thus leaves unanswered the question of the relative importance of AER versus renal function as independent predictors of tHcy. This issue is further addressed in a recent article discussing these results (15) . When we included Ccr in our regression model, AER failed to predict plasma tHcy levels consistent with other published data for groups with either type 1 or type 2 diabetes (4, 18, 19) . Furthermore, entering albuminuria as a categorical variable instead of AER did not affect the outcome. These data support the proposition that Ccr is more important as a predictor of tHcy than the presence of albuminuria per se or the AER. To examine these issues further, we subdivided patients into groups based on both AER and Ccr using the lower limit of normal for Ccr (80 ml ⅐ min Ϫ1 ⅐ 1.73 m Ϫ2 ) as the cut point. In patients with normoalbuminuria, low Ccr was associated with increased tHcy levels. This is consistent with the data of Wollesen et al. (13) , who found that the glomerular filtration rate was both an independent determinant of plasma tHcy and rate limiting for the renal clearance of homocysteine in patients with diabetes. Interestingly, in our patients with low Ccr, tHcy levels were higher in those with microalbuminuria than in those with normoalbuminuria (P ϭ 0.01). In fact, the presence of a low Ccr was associated with 43% higher tHcy levels in those with microalbuminuria and 20% higher levels in those with normoalbuminuria. It is possible that the increase of homocysteine levels in patients with low Ccr could lead to endothelial dysfunction and, therefore, microalbuminuria in some susceptible individuals. The present study does not allow us to determine whether this hypothesis is correct or which patient characteristics, if any, may underlie these effects.
Although our data are broadly consistent with the published literature, they are somewhat at odds with the results of the Hoorn Study (9) , a large populationbased cross-sectional study of glucose tolerance and cardiovascular risk factors. This study did not attempt to address the issue of factors that predicted tHcy levels but, conversely, sought to determine whether tHcy predicted an increased risk of microalbuminuria, independent of classical risk factors. A 5-mol/l increment of tHcy was associated with a 30% increased risk of microalbuminuria. We were unable to confirm these results. In our study, Ccr, HbA 1c , sex, use of antihypertensive medications, and BMI were the most significant predictors of AER (Table  3) . Additionally, tHcy did not predict the presence of albuminuria. The explanation for the differences in these data are not clear but may lie in the fact that most participants in the Hoorn Study did not have diabetes.
In conclusion, our results make a number of relevant points concerning the relationship between Ccr, AER, and tHcy. First, tHcy is strongly correlated with AER, Scr, and Ccr in patients with type 2 diabetes. Second, homocysteine levels are unaffected by the presence of microalbuminuria when renal function is normal (Ccr Ն80 ml ⅐ min Ϫ1 ⅐ 1.73 m Ϫ2 ). Third, patients with Ccr Ͻ80 ml ⅐ min Ϫ1 ⅐ 1.73 m Ϫ2 have higher tHcy levels than those with normal Ccr, and this is particularly true in the patients with microalbuminuria. Fourth, in multivariate analyses, Ccr, but neither AER nor the presence of albuminuria, is an independent predictor of tHcy.
